University Hospital between July 1996 and December 2003 were included in this retrospectively study. All patients gave written informed consent for the surgery. This study was approved by the ethics committee of National Taiwan University Hospital.
Eleven patients had surgery within 2 weeks of the initial trauma, and the others underwent a delayed repair (> 2 weeks). The mean age of the patients was 24.4 years (range, 13-46 years). There were 14 males and seven females. The mean duration of follow-up was 29.7 ± 12.3 months (range, 12-53 months). Computed tomography (CT) in the axial and coronal planes was performed in all cases ( Figure 1 ). Seven patients had a large fracture over more than 50% of the orbital floor. The indications for orbital floor repair included symptomatic diplopia, enophthalmos > 2 mm, and a large fracture over more than 50% of the orbital floor.
All patients were operated on via a transconjunctival approach. Ultrathin (0.85 mm) porous polyethylene sheets (Medpor™; Porex Surgical Inc., Newnan, GA, USA) were used in orbital wall fractures for defects with periosteum disruption. Only one sheet was required in all cases ( Figure 2 ). Before implantation, the sheets were soaked in an antibiotic solution (80 mg gentamycin in 5 mL saline) for 5-10 minutes. No preoperative or intraoperative intravenous antibiotics were used. The implants were cut with surgical scissors and contoured to cover the edges of the orbital wall defect (Figure 3 ). An intraoperative forced duction test was performed to ensure the release of the incarcerated inferior rectus muscle (Figure 4 ). The periosteum of the orbital floor was meticulously sutured at the orbital rim.
Postoperatively, all patients received intravenous antibiotics (cefazolin 1 g intravenously every 8 hours for 5 days) and oral corticosteroids (prednisone 20 mg/day for 5 days). After the operation, patients were followed-up on the first day, the first week, monthly for the first 3 months and then every 3-6 months thereafter.
Clinical manifestations including enophthalmos, extraocular movements, visual acuity, and infraorbital nerve anesthesia were assessed preoperatively and postoperatively. Preoperative forced duction and forced generation testing were also performed in patients with limited extraocular motility. Globe malposition was assessed with respect to vertical dystopia (i.e. hypoglobus) and axial (enophthalmos) using the vertical difference between pupils and Hertel exophthalmometry, respectively. Visual acuity was determined using the best-corrected visual acuity Snellen scale. Success of surgical repair was assessed subjectively by both physician and patient.
Results
Twenty-one patients with orbital wall fractures underwent repair with porous polyethylene sheets. The preoperative and postoperative clinical data of the patients are shown in Table 1 . The mean interval from the day of trauma to surgery was 16.7 days (range, 5-60 days). Preoperatively, all patients had symptomatic diplopia due to muscle or soft tissue incarceration in the fracture site ( Figure 5 ), which was demonstrated on CT. Postoperatively, all patients continued to have diplopia in the first week of follow-up, which may have been due to muscle and soft tissue edema. Thereafter, the diplopia resolved in 14 patients and improved in seven within the first postoperative month ( Figure 6 ). All patients except one were free from diplopia at 6 months of follow-up. None of the patients had exacerbation of preoperative diplopia.
Preoperatively, seven patients had enophthalmos > 2 mm compared to the fellow eye. Postoperatively, four patients had equal Hertel readings between both eyes and the enophthalmos of three patients improved. Preoperatively, five patients suffered from significant hypotropia, which resolved after surgery. No patient had overcorrection of either enophthalmos or hypotropia.
No cases of orbital infection, implant exposure or migration, infraorbital anesthesia or loss of vision occurred during the follow-up period. Two patients had persistent conjunctival chemosis for 2 weeks, which subsided later.
Discussion
A wide variety of autogenous grafts and alloplastic materials are used for orbital floor fracture repair. Although bone graft is the most commonly used autogenous material in orbital reconstruction, it is not an ideal material because of donor-site morbidity, prolonged surgical time, unpredictable resorption, and difficulty in contouring the bone to fit complex defects of the internal orbital skeleton. [6] [7] [8] Many synthetic alloplastic materials have been used for orbital floor fracture repair. Among these, the most widely used include silicon rubber (silastic), polytetrafluoroethylene, polyamide mesh, titanium, polyglactin-910, gelatin film, and hydroxyapatite. However, silicone has been shown to cause resorption of underlying bone, encapsulation and migration. 9 Polyglactin-910 and gelatin film lack sufficient structural strength to provide adequate stability for a large orbital wall fracture. 10, 11 Titanium is a rigid but malleable implant material, but the insertion of titanium mesh is sometimes not smooth because the cut edges of the plates can easily get caught in tissue. 12 Traditional hydroxyapatite sheets are very stiff, inconvenient to shape, and have been found to degrade in certain situations, although the recently developed hydroxyapatite cement appears to have great promise as a biologic material. 13 Porous polyethylene, which is flexible, strong and porous, was developed in the early 1970s and has proven to be biocompatible. Its porosity enables vascular and bony ingrowth leading to tissue adhesion and a reduced risk of infection. 14, 15 Studies using porous polyethylene sheets in orbital reconstruction have shown very favorable results in intermediate-term follow-up.
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The patients who received acute fracture repair (Table 2) , defined in our series as occurring < 2 weeks after trauma, all had preoperative diplopia that completely resolved after surgery. Three patients had preoperative enophthalmos, and all of them had equal Hertel readings between both eyes postoperatively. In the patients who underwent delayed orbital fracture repair (> 2 weeks after trauma), nine (90%) of 10 patients had complete resolution of diplopia (Table 2) . Four patients had preoperative enophthalmos, and three of them had residual enophthalmos. Rubin et al reported that orbital reconstruction with thicker porous polyethylene sheets (1.5 mm, 3 mm) stacked to effect volumetric augmentation did not correct enophthalmos successfully. 1 Correction of hypoglobus is technically easier than correction of enophthalmos. Enophthalmic correction requires a wide and deep subperiosteal dissection and implant positioning, posterior to the equator of the globe. The limited volume in the posterior orbit, concern for compressive injury in the orbital apex, soft tissue scarring, and delayed intervention may all have contributed to the suboptimal results in this study and that of Rubin et al. 1 In treating combinations of floor and medial wall fracture, a porous polyethylene sheet should be curved upwards on one side to cover a medial wall fracture. Ng et al considered inadequate reduction of medial wall fracture to be a potential cause of postoperative enophthalmos. 3 Infection is the most disastrous complication with the use of porous polyethylene implants in orbital wall reconstructions. [1] [2] [3] 5 Antibiotic prophylaxis, given either systemically or by direct soaking of the implant before implantation, remains controversial. Many authors have obtained good results by soaking the implants in antibiotic solutions before implantation. Rubin et al reported a series of patients who received prophylactic antibiotics including systemic administration and direct soaking before implantation; only one patient required removal of the implant 1 week after surgery because of infection. 1 Villarreal et al reported that four of 32 patients who received preoperative and postoperative systemic antibiotics without implant soaking developed infection. 2 In the present series, all porous polyethylene sheets were soaked in gentamycin solution before implantation. No patient received preoperative or intraoperative prophylactic systemic antibiotics and postoperative infection did not occur. The lower infection rate in this study than in previous studies suggests that it may be unnecessary to use preoperative prophylactic antibiotics, especially when the implant is soaked in antibiotic solution before implantation. Complete vascularization of the implant takes at least 3 months after implantation. 14 These findings also suggest that a lower infection rate may not be attributed to the use of systemic antibiotics during the early postoperative period. The extrusion rate of porous polyethylene implants is low. Our review of the literature found only one previously reported case of polyethylene implant extrusion.
2 Some authors have advocated screw fixation of porous polyethylene orbital implants. 16 However, in many cases, once intraorbital contents are allowed to fall back onto the sheet and the periosteum is closed at the orbital rim, which opposes the anterior migration of the implant, no further securing is necessary. 17 In the present series, none of the implants were secured with screws or sutures, and no case of implant extrusion occurred. Certain orbital fractures including larger fractures, combined medial and inferior fractures, and posterior floor defects often lack sufficient surrounding bone on which to rest the porous polyethylene sheet. Without stable implant fixation, accurate placement of the implant is difficult, and the risk of implant migration and loss into the sinus cavity is high. In repairs of posterior floor or medial wall defects, direct fixation is difficult because the thin bones of the orbital walls do not accommodate the screws well. The porous polyethylene channel implant (PPCI) was designed to circumvent these dilemmas. The PPCI has internal channels that accept mini-or microplates from conventional plating systems, facilitating fixation to bone in the reconstruction of large, complex orbital fractures. Choi et al reported excellent results in a series of 25 patients who received PPCIs for orbital reconstructions. 18 Disadvantages of porous polyethylene implants include adhesion of extraocular muscle or orbital fibroadipose tissue to the implant. 1 If repeat surgery is necessary, the porous implant will have fused very tightly with the orbit. In addition, flammability of the porous polyethylene implant has been reported while using cautery. 19 Standard orbital exploration has traditionally been performed using a subciliary skin incision. Complications such as postoperative ectropion, lower lid retraction and external scarring, however, are common. [20] [21] [22] [23] [24] [25] The transconjunctival approach minimizes the risk of eyelid retraction or lateral canthal rounding that characterizes the cutaneous approach. Complications such as entropion, conjunctival granuloma, exposure keratitis, lower eyelid laceration, and lower eyelid avulsion with lacrimal system injury have been reported with the transconjunctival approach. 2, 26, 27 In the present series, the transconjunctival approach was used in all patients and no major complications occurred. Only two patients had transient conjunctival chemosis, which resolved after 2 weeks.
In conclusion, porous polyethylene implants are safe and efficacious in the repair of orbital wall fractures. The implants are biocompatible, stable, and easy to handle. The porosity enables vascular and bone ingrowth leading to tissue adhesion and a reduced risk of infection. These implants are thus a highly suitable alloplastic material for orbital wall reconstruction.
